Infants born between 29 and 36 weeks' gestation represent a substantial and growing proportion of preterm births. 1 Increased mortality 2 and neonatal morbidities 3, 4 are observed among infants in this gestational age range when compared with full-term infants. In addition, they are more likely to display neurodevelopmental disorders including lower intellectual abilities, 5, 6 language and visual-motor deficits, 5, 7, 8 as well as behavioral, educational, and emotional problems during school-age years. 9, 10 Yet despite being at higher risk for developmental issues, these children rarely benefit from systematic followup and rely on their primary care physicians for developmental surveillance and screening. 11 Therefore, valid and effective screening tools are of utmost importance to enhance identification of preterm infants with developmental problems 11, 12 who will benefit from early intervention to improve later educational and functional attainment. 13, 14 In 2006, the American Academy of Pediatrics proposed an algorithm for developmental surveillance and screening for primary health care professionals. 15 The Ages and Stages Questionnaires (ASQ) have been recommended as a comprehensive and valid screening instrument to identify children who require in-depth developmental assessment to determine their eligibility for rehabilitation services. So far, validity studies among preterm children have either been restricted to the most immature ones, 16, 17 recruited a small sample size, 18 or used a reference test more or less applicable to North American standards. 19 The objective of the study was to determine the ability of the ASQ at 12 and 24 months' corrected age (CA) to identify preterm children at higher risk of presenting mild developmental delay that would justify additional developmental assessment. More specifically, concurrent validity was calculated by comparing the ASQ against the Bayley Scales of Infant Development, second edition (BSID-II).
METHODS

Participants
Participants were initially recruited as part of a larger longitudinal study on early neurocranial markers in preterm infants that involved a 2-year followup. 20, 21 Between May 2004 and April 2006, 142 infants born between 29 and 36 6/7 weeks of gestation were randomly selected and included if they had a birth weight ,2500 g and were admitted for at least 24 hours at Sainte-Justine University Health Centre' s NICU. Exclusion criteria were presence of chromosomal anomalies, congenital malformation, consanguinity, congenital infection, documented neonatal stroke, residing outside the metropolitan Montreal area, language spoken at home other than French or English, and significant social problems for 1 or both parents (drug addiction, alcoholism, mental illness, intellectual disability, or history of abuse, neglect, or family violence). During the course of the 2year follow-up, 18 infants (13%) were not seen at 12 months' CA. Of the 124 children seen at 12 months' CA, 15 (12%) were lost to follow-up at 24 months' CA ( Fig 1) . However, 3 additional subjects from the original cohort returned for assessment thus yielding 112 participants at 24 months' CA. The institutional review board approved the protocol, and informed consent was obtained from each participant' s parent.
Procedures
At 12 and 24 months' CA, the child developmental status was assessed at Sainte-Justine University Health Center over a 1-hour period by using the ASQ, second edition, and the BSID-II. The ASQ was first completed on site by the parents who were asked the questions by a research assistant. Then, the BSID-II was administered by 1 of 2 trained assessors who were blind to ASQ scores. In addition, independent assessors completed the assessments at the 12-and 24-month visits.
The ASQ is a parent-completed screening test that serves to identify children who need additional developmental assessment. It includes 19 questionnaires available for children aged 4 months to 60 months. The assessment time frame begins and ends 1 month before and after the questionnaire age, respectively. Each questionnaire contains 30 items covering 5 developmental domains: communication, problem-solving, personal-social, gross motor, and fine motor. 22 Each item describes a developmental behavior/ability. Answer options are "yes," "sometimes," or "not yet" and are allocated 10, 5, or 0 points, respectively. A score is calculated for each domain. A child has "failed" or is "at risk" of developmental problems in a given domain if the score falls below a cutoff value set at 2 SD below the mean by using reference norms derived from a sample of 1643 US children. For the purpose of this study, we also examined failure cutoffs set at 1.5 SD and 1 SD below the mean still based on US norms. Test-retest and interrater reliabilities are high at 94%. 22 Sensitivity ranges from 51% to 90% and specificity from 81% to 100% depending on age of assessment. 22 The BSID-II, a standardized measure of developmental performance for children aged 1 to 42 months, 23 was selected as the reference test because of its wide application in large neonatal network studies on developmental outcomes in preterm infants. [24] [25] [26] It allows calculation of 2 developmental quotients (DQ): the Mental Developmental Index (MDI) and the Psychomotor Development Index (PDI; mean = 100, SD = 15). A score ,85 reflects mild developmental delay. All children were able to complete the BSID-II, and scores were obtained for each of them.
As part of this study, a distinct and original method was created to facilitate comparison between the screening test and the BSID-II DQ. First, we clustered the 5 ASQ domains into 2 broader categories. The communication, problem-solving, and personalsocial domains were grouped to form 1 category. Likewise, the gross and fine motordomainswere combined to create another at-risk category. To be considered at risk on the ASQ, the child had to score below the failure cutoff threshold on any domain forming a category. We specifically examined 3 cutoff thresholds: 2 SD, 1.5 SD, and 1 SD. Using a lower cutoff (1 SD instead of 2 SD) is stricter and results in including more infants in the at-risk group. Failure on any of the communication, problemsolving, or personal-social domains was then compared against an MDI ,85. Similarly, being at risk on any the gross or fine motor domains was compared against a PDI ,85. We used a cutoff of ,85 on the BSID-II (1 SD below the mean) to include mild developmental delay, which also represents a level below which we feel infants benefit from developmental intervention. 27 
Statistical Analyses
Statistical analyses were performed with SAS 9.1 (SAS Institute, Inc, Cary, NC). 28 Results on the ASQ and BSID-II were cross-tabulated for each ASQ at-risk category, and Cohen's k was computed to determine chance independent agreement between classifications. Concurrent validity of the ASQ in identifying children with BSID-II scores ,85 was further assessed by calculating sensitivity and specificity.
RESULTS
Characteristics of the study population at 12 and 24 months are detailed in Table 1 . Children seen at 12 and 24 months' CA were comparable to the children lost to follow-up in terms of biological and social characteristics (not shown).
Overall, children in our study obtained DQ within the normal ranges on the BSID-II. At 12 months' CA, 121 infants completed both the ASQ and the MDI and 119, both the ASQ and the PDI. Mean MDI was 92 6 9 with 18% (n = 22) scoring in the developmentally delayed range (,85), including 1 (0.8%) child scoring ,70, whereas mean PDI was 86 6 12, with 35% (n = 42) scoring 1 SD below the mean including 8% (n = 10) with scores ,70. The proportions of atrisk infants failing any 1 of the ASQ communication, problem-solving skills, or personal-social domains were 36% (n = 44), 25% (n = 30), and 13% (n = 16) by using cutoffs of 1, 1.5, and 2 SD, respectively. On the ASQ gross or fine motor domains, 25% (n = 30), 17% (n = 20), and 11% (n = 13) were deemed atrisk with cutoffs of 1, 1.5, and 2 SD, respectively. ASQ at 12 months was not good in accurately detecting infants with MDI ,85 on the BSID-II, with k coefficients (k) varying from 0.08 to 0.19 ( Table 2) . Sensitivity values were low, even with less-restrictive cutoffs (ie, 1 SD). Agreement improved with k of 0.28 to 0.44 when comparing the ASQ with the PDI (Table 3 ). However, despite Failure on any 1 of the communication, problem-solving skills, and personalsocial scales was observed in 55% (n = 60), 41% (n = 45), and 34% (n = 37) of infants by using cutoffs at 1, 1.5, and 2 SD, respectively. On the ASQ gross or fine motor domains, 33% (n = 35; 1 or 1.5 SD) or 14% (n = 15; 2 SD) of infants were considered at risk. Screening accuracy of the ASQ to identify infants with mental developmental delay (,85) was better than at 12 months' CA ( Table 4 ). The optimal cutoff was set at 1.5 SD (k = 0.45) with a sensitivity of 88% and a specificity of 72%. On the other hand, concurrent validity at 24 months' CA between the ASQ and the PDI was poor ( Table 5) .
DISCUSSION
This study highlights the limits of parent-completed questionnaires for developmental screening in high-risk preterm infants. Our goal was to determine whether the ASQ were sufficient on their own in detecting which child would benefit from additional evaluation and early intervention. Our results suggest that the ASQ had poor concurrent validity, albeit high specificities, on both MDI and PDI of the BSID-II at 12 months' CA. In contrast, good agreement between the ASQ and the BSID-II MDI was achieved at 24 months, particularly if using an optimal stricter cutoff of 1.5 SD. However, the ASQ failed to accurately discriminate children with motor delays. On the basis of our results, an unacceptably high number of preterm children at risk for developmental problems as determined by formal evaluation with a developmental assessor would be missed if relying solely on a screening questionnaire.
Standards for good screening tests include sensitivity of at least 70% to 80% and specificity close to 80%. 15, 29 With these criteria, we found the ASQ to be valid for detecting mental developmental delay on the BSID-II at 24 months' CA ARTICLE but not at 12 months'. Such findings may be at least partially explained by the fact that the target population is at higher risk of mild and moderate disabilities than of severe handicaps. These mild and moderate disabilities are known to be of late-emergent nature. With respect to motor delay, an unacceptably high number of infants were missed with the ASQ at both ages regardless of the cutoff threshold used. To our knowledge, 3 studies have assessed clinimetric characteristics of the ASQ in preterm populations aged between 12 and 24 months' CA. Skellern et al calculated a sensitivity of 50% and a specificity of 91% for detecting a BSID-II MDI ,85 at 18 months in infants born ,31 weeks by using a cutoff of ,2 SD on the ASQ. 16 At 24 months, sensitivity and specificity were 75% and 62%, respectively, when compared against the Griffith Mental Developmental Scale. Another study of 169 infants with birth weight ,1000 g found a sensitivity of 63% and a specificity of 75% for identification of developmental delay at 18 to 22 months defined as either a BSID-II MDI or PDI ,85 also by using a cutoff of ,2 SD on the ASQ. 17 Finally, with the standard of 1 failed domain considered as a failed screen, Flamant et al obtained a sensitivity of 0.88 and a specificity of 0.57 for the identification of a global DQ #85 on the Brunet-Lezine Test with a cohort of children aged 2 years' CA and born ,35 weeks' gestational age. 19 Varying results may be partly explained by use of different definitions for either failed screening test or diagnosis of developmental delay, different reference tests, as well as different population characteristics.
The purpose of developmental screening is to correctly identify children who need referral for additional assessment or intervention, which may be determined by a DQ ,85 on the BSID-II. By lowering a cutoff threshold on a screening test, we diminish the risk of missing a child who may have required more developmental services. This must be balanced against unnecessary and extensive referrals to overwhelmed developmental specialists. However, because the early years lay the foundation to school readiness and later success, the cost of overreferring may outweigh the financial and societal burden of long-term dropouts. 13, 14 By using an optimal cutoff of 1.5 SD on the ASQ at 2 years' CA, as determined by the k coefficient, we found that only 3% of infants would be underreferred and 22% overreferred for mental delay, whereas 11% and 21% would be under-and overreferred for motor delay, respectively. Although the percentages of overreferrals appear high, it has been shown that children with a false-positive screening test may actually benefit from developmental intervention services because their performance on language, intelligence, and academic achievement measures was significantly lower than those who passed screening and did not have developmental problems after diagnostic assessment. 30 Nevertheless, the high underreferal rate for detection of motor delays argues against the ASQ for this domain.
The ASQ has previously demonstrated good sensitivity and specificity in a representative US population. 16 However, our study reveals that using developmental screening questionnaires in high-risk preterm children may not be as valid. One issue relates to administration of the questionnaires.
Although the manual specifies that questionnaires should be preferably mailed to parents so they can actually attempt activities described in each item with their child, it also allows for completion of questionnaires on site. This method was also used by Rydz et al and is representative of primary care practice. 11 Nevertheless, it is possible that parents in our study overestimated their child' s abilities because they did not try each item activity directly. A second concern that pertains to questionnaires is parents' misinterpretation of some items. For example, a statement such as, "does your child run fairly well?" can be answered "yes" by parents when the child is, in fact, only walking fast. In addition, the nuance between "yes" and "sometimes" may be unclear. To a statement that asks whether the child kicks a ball by swinging his leg, a parent may choose "yes" when the child actually walks into the ball most of the time. weeks' gestation and found optimal sensitivity of 88% and specificity of 97% by using different cutoff scores. 33 Direct comparisons with our results should be performed with caution because those screening tests were used to detect an MDI ,70 as opposed to ,85. With only 6 items by section in the ASQ, mild mental delay is more difficult to identify accurately.
This study draws its strength from its appropriate sample size for calculation of acceptably precise sensitivity and specificity values. Camp advocated for a "minimum sample of 20 children who fall below the cutoff on the reference test" to minimize uncertainty (ie, 95% confidence interval) around calculated values. 34 In addition, all infants received both screening and reference tests to prevent verification bias. 35 Finally, grouping similar domains to create 2 distinct at-risk categories to increase precision of the screening test with the equivalent reference domain (ie, mental versus psychomotor development) can be useful in a clinical practice to determine more specifically what type of assessment is necessary for a given child. However, since this study was conducted, the third version of both the ASQ and the BSID has been released, thus limiting applicability of our results to current tests. The ASQ-3 has revised cutoff threshold based on new standardization, whereas the BSID-III has been renormed and modified to now include 3 scales (namely, cognitive, language, and motor) as well as new socioemotional and adaptive questionnaires. 36, 37 CONCLUSIONS Compared with children born at term age, children born between 29 and 36 weeks' gestation are more at risk to suffer from neurodevelopmental difficulties such as intellectual disabilities, language, and visual-motor deficits, as well as behavioral, educational, and emotional problems during their childhood years. Valid screening tools are essential to primary health care providers to allow identification of children who could potentially present neurodevelopmental problems. According to the results of the current study, the ASQ failed in the identification of preterm children born at 29 to 36 6/7 weeks' gestation with developmental delays at 12 months' CA. The questionnaire was better at identifying children with an MDI ,85 at 24 months' CA, but it performed poorly in discriminating children with a PDI ,85. We have shown in previous studies that a neurologic assessment completed at term age or concomitantly to the developmental assessment is a valid predictor of developmental performances at preschool age. 38, 39 Combining the use of ASQ and of neurologic assessment may lead to a better allocation of health care resources to the children who need it the most.
